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1. TGv Req 2010 – Power Saving
Req 2010: Power Saving

TGv shall support one or more power saving schemes to optimize the STA’s power consumption during prolonged time periods of no transmission or reception activity in the order of several hundred’s of ms’s or above.
2. Definitions
“Idle Mode” – A new mode for “deep” sleep STAs. 
“AP-reselection” – in order to receive beacons conveying the paging information, a new AP should be selected while a STA moves around
“Home-AP” – An AP, which a STA signals to in order to enter the idle mode  
7.2.3.1 Beacon frame format

Insert a new element in Table 5 as indicated below:

Table 5—Beacon frame body

	Order
	Information
	Notes

	xx
	PIM 
	The Paging Indication Message (PIM) information element is only present within Beacon frames generated by APs which support paging for STAs in the idle mode.


7.3.1.4 Capability Information Field

Change the first paragraph and Figure 27 as shown:
The Capability Information field contains a number of subfields that are used to indicate requested or advertised capabilities. The length of the Capability Information field is 2 octets. The Capability Information field consists of the following subfields: ESS, IBSS, CF-Pollable, CF-Poll Request, Privacy, and Page Response. The remaining part of the Capability Information field is reserved. The format of the Capability Information field is as illustrated in Figure 27.
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Figure 27— Capability Information fixed field
Insert the following paragraph at the end of Clause 7.3.1.4

STAs set the Page Response subfield to 1 in Reassociation Request management frames when they are in the Idle Mode and paged by a Paging Indication Message in a Beacon frame.

7.3.1.x Page ID (PID) field

The PID field is a value assigned by an AP transmitted by Idle Mode Response frame that represents the 16-bit ID of a STA for paging. The length of the PID field is 2 octets. The PID field is illustrated in Figure v01.
	
	

	
	Page  ID

	Octets:
	2


Figure v01— PID fixed field
The value assigned as the PID is in the range 1–65535.
7.3.1.11 Action field

Insert the following new row into table 21 and update the reserved value as shown:

Table 21—Category values

	Name
	Value
	See clause

	Spectrum Management
	0
	7.4.1

	Wireless Network Management
	X
	7.4.xx

	Reserved
	x-127
	-

	Error
	128-255
	-


7.3.2 Information Elements

Insert the following element ID into table 20 and change the reserved row accordingly:

Table 22—Element IDs

	Information Element
	Element ID

	Paging Indication Message
	xx

	Reserved
	


7.3.2.xx Paging Indication Message (PIM)
The PIM element contains two fields: Page Bitmap Control, and Partial Page Virtual Bitmap. See Figure v02
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	1
	2
	2
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Figure v02— PIM element format
The Length field for this element indicates the length of the information field, which is constrained as described below.
The PIM size field indicates the size of an output of a truncation function. The PID is truncated with a bitmap mask with the length indicated by the PIM size field. Therefore the maximum number of the Partial Page Virtual Bitmap is N’th power of 2 where N is equal to the PIM size. The size of Partial Page Virtual Bitmap may be reduced according to the adjustment of Page Bitmap Control and Length fields.
The Page Bitmap Control field is a single octet. Bit 0 of the field contains the Page Indicator bit associated with PID 0. This bit is set to 1 in PIM elements when one or more STAs are currently paged. The remaining 15 bits of the field form the Bitmap Offset.
The page-indication virtual bitmap, maintained by the AP that generates a PIM, consists of 65535 bits, and is organized into 8192 octets such that bit number N (0 ≤ N ≤ 65535) in the bitmap corresponds to bit number (N mod 8) in octet number N / 8where the low-order bit of each octet is bit number 0, and the high order bit is bit number 7.  Each bit in the page-indication virtual bitmap corresponds to paging for a specific station within the BSS that the AP had received a paging frame at the time the beacon frame is transmitted. Bit number N is 0 if there are no paging for the station whose PID is N. If any paging frames for that station arrive at the AP, bit number N in the page-indication virtual bitmap is 1. 
The Partial Virtual Bitmap field consists of octets numbered N1 through N2 of the paging indication virtual bitmap, where N1 is the largest even number such that bits numbered 1 through (N1 8) – 1 in the bitmap are all 0 and N2 is the smallest number such that bits numbered (N2 + 1) 8 through 65535 in the bitmap are all 0. In this case, the Bitmap Offset subfield value contains the number N1/2, and the Length field will be set to N2 – N1.
In the event that all bits other than bit 0 in the virtual bitmap are 0, the Partial Virtual Bitmap field is encoded as a single octet equal to 0, and the Bitmap Offset subfield is 0.
7.4. Action frame format details

7.4.1 Spectrum management action details
7.4.xx Wireless Network Management action details

Two action frame formats are defined to support the idle mode operation for the wireless network management. The action field values for the idle mode associated with each frame format within the wireless network management are defined in Table v01.
Table v01 — Wireless Network Management Action field values

	Action field value 
	Description

	X
	Idle Mode Request

	x+1
	Idle Mode Response

	(x+2)-255
	Reserved


7.4.xx.1 Idle Mode Request
The Idle Mode Request Action frame is sent by a STA to its associated AP in order to enter the idle mode.

The Idle Mode Request Action Frame shall contain the information shown in Figure v03.
	
	
	

	
	Category
	Action

	Octets:
	1
	1


Figure v03— Idle Mode Request frame body format

The Category field shall be set to x (representing wireless network management).

The Action field shall be set to x (representing the Idle Mode Request frame).
7.4.xx.2 Idle Mode Response 

The Idle Mode Response Action frame is sent by the AP in order to respond to the STA requesting the idle mode entrance.

The Idle Mode Response Action Frame shall contain the information shown in Figure v04.
	
	
	
	

	
	Category
	Action
	PID

	Octets:
	1
	1
	2


Figure v04— Idle Mode Response frame body format

The Category field shall be set to x (representing wireless network management).

The Action field shall be set to x (representing the Idle Mode Response frame).
The PID shall be set to STA’s PID which is assigned by the associated AP.
11. MAC sublayer management entity
11.15.x Idle Mode Procedures

11.15.x.1 Idle Mode Operation

This clause describes the management action for the Idle Mode. There are three major steps for the Idle Mode procedure, such as Idle Mode entrance, AP reselection, and paging.
11.15.x.1.1 Idle Mode Entrance

A STA shall transmit an Idle Mode Request frame to its associated AP, called Home-AP, to enter the Idle Mode. The format of an Idle Mode Request frame is described in 7.4.xx.1. 

When an AP receives an Idle Mode Request frame and decides to allow Idle Mode for the STA, the AP shall transmit Idle Mode Response frame to the STA which includes Paging ID (PID). PID shall be generated from the output of a certain hash function using the STA’s MAC address as an input. The format of the Idle Mode Response frame is described in 7.4.xx.2.
All APs as well as Home-AP in the same Mobility Domain share PMK inherited by an MSK or a PSK to generate a PTK. The PMK is created when a STA is associated with an AP within a Mobility Domain.
11.15.x.1.2 AP reselection

When a STA operates in the Idle Mode, the STA continues to listen to some selected beacons from its Home-AP or other APs. This operation is called an AP-reselection procedure.
During the AP-reselection, a STA in the Idle Mode receives and checks the Paging Indication Message (PIM) conveyed in beacons periodically. A STA may not want to receive every beacon. The indication bit of the PIM is determined according to the PID of the paged STA.
There is no Fast BSS transition required between BSSs even when a STA moves from one AP to another during the AP-reselection.

11.15.x.1.3 Paging

The operation to page a STA in the Idle Mode starts when a new frame destined to the STA arrives at the Home-AP.
The Home-AP transmits multicast frames to all APs in the same Mobility Domain with the PID and the MAC address of the paged STA. When APs receive the frame, it creates the PIM in order to indicate the PID of the paged STA.

A STA reassociates with an AP immediately after receiving the PIM which indicates the STA is paged. At this time, B5 bit of capability information field of Reassociation Request frame is set to ‘1’. Fast BSS transition from Home-AP to the newly-associated AP is performed following the procedure defined in the IEEE 802.11r draft.
11.15.x.2 Element for Idle Mode

11.15.x.2.1 Paging ID

The Paging ID (PID) is the identification number in order to wake up a STA in Idle Mode for paging. The size of PID is two octets.
Upon the reception of an Idle Mode request frame from a STA, an AP generates a PID using a hash function with an input of the STA’s MAC address. Then, the AP transmits an Idle Mode response frame with a PID to the STA. The PID is not necessarily a unique value across STAs within a Mobility Domain. Multiple STAs may be assigned the same PID because of the characteristic of the hash function.
11.15.x.2.2 Paging Indication Message (PIM)

A PIM contained in a beacon frame is transmitted periodically. Each bit in the PIM indicates which PID is activated for paging. A part of PID can be used to determine the bit offset in PIM. The size of PIM is configured by the size of truncation function.
After performing the hash function, the trucation function generates truncated bits. The PIM size field in a PIM element is used as the bit mask for the truncation. By utilizing the hash function and the truncation function, page indicator associated with the PID is assigned in the PIM. The bit generation in a PIM is made as follows. A bit corresponding to lower bits of a PID is assigned and set when paging a STA. The generation of PID and PIM is described in Figure v05.
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Figure v05— Generation of PID and PIM
Multiple STAs may be paged because of the characteristics of the hash function. As described in Clause 11.15.x.1.3, a Home-AP requests all APs in the Mobility Domain to page a STA with a particular MAC address. The STAs send a Reassocication Request frame with Page Response subfield set to 1 when they are paged. Even though multiple STAs could try to re-associate with an AP, other STAs except the valid STA will fail to re-associate with the AP since the AP, which initiates paging, has the MAC address of the paged STA.
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Abstract


During the January 2006 meeting, we proposed a new operation mode called Idle Mode (IM) for the power saving requirement in TGv (refer to IEEE 802.11-05/1263r2). After discussion with other companies, we have come up with a modified proposal. This document describes the main feature of the Idle Mode operation and newly defined frame formats. The corresponding presentation is found at IEEE 802.11-06/0349r0.
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